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Sex-determination in Copepods appears to be rather complex and in most cases

still obscure. Two types may. however, be clearly distinguished, namely, environ-

mental and genetic determination of sex.

Takeda (1950) and Egami (1951) reported that external conditions, such as

chemical agents and temperature, were sex controlling factors for the harpacticoid

copepod, Tigriopus japonicus. A similar influence of temperature was observed by

Battaglia (1959a) in natural populations of Porccllid'ntm.

Later a polygenic control of the sex-ratio was proposed for Tigriopus

(Ar-Rushdi, 1958).
In copepods of the genus Tisbc experiments of inbreeding and selection sug-

gested a genetic determination of sex. In fact, it was found that in T. c/racilis and

T. reticulata inbreeding produces a strong increase of males and that selection

towards males is always effective, but apparently ineffective towards females

(Battaglia, 1958; Battaglia and Malesani. 1959; 1962). On the basis of these

and other observations a hypothesis was advanced that in Tisbc sex is determined

by a multifactorial system consisting of several dominant factors for femaleness

(F) and several recessive factors for maleness (m), not allelic and spread
over various chromosomes. The full expression of factors F appears to be con-

ditioned by their heterozygous state, whereas the maleness factors would express
themselves only in the recessive homozygotes mm. Tn other words, the degree of

femaleness appears to be a function of the number of heterozygous loci F and m ;

the degree of maleness would instead be a function of the degree of homozygosity of

both kinds of loci.

This hypothesis sex under the control of a multifactorial system leads, more-

over, to an understanding of the variable sex-ratio in these animals including
families with a strong excess of males or of females (Battaglia, 1958; Battaglia

and Malesani, 1959). Their distribution is, however, in most cases close to normal.

The above interpretation infers that only internal conditions that is con-

sanguinity appear so far to affect the sex-ratio in Tisbc, where a higher propor-
tion of males is a function of homozygosity.

Some observations made incidentally during recent investigations on two species
of Tisbc (Volkmann-Rocco and Battaglia, 1971) suggest that the sex-ratio may
be affected in these species by an external factor, delayed fertilization. Such an

influence of the overmaturation of eggs on the sex-ratio has been proved especially

in amphibians and butterflies. Thus, a series of detailed investigations was carried

out, in order to obtain a wider knowledge on how a delay in fertilization might
influence sex-ratio in Tisbe.
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MATERIAL AND METHODS

The experiments were carried out at constant temperature of 18 C and

salinity of about 36%. The material consisted of 3 species of Tisbc: T. dobzhanskii

Volkmann-Rocco and Battaglia, collected in Anzio (Italy) in June 1968; T. holo-

tlutriae Humes from the Island Ponza (October 1969) ; T. clodicnsis Battaglia
and Fava, one population from the Lagoon of Venice (August 1967) and the

other from the Island Ponza (October 1969). About 30 ovigerous females per

species were chosen at random from cultures kept in the laboratory under standard

conditions, and isolated in single dishes containing 20 cc of filtered sea water and
0.5 cc of a suspension of Diinaliella or Platymonas. After deposition of the egg-
sac the females were removed and a piece of boiled wheat was added as food for

the freshly hatched nauplii, according to the technique described by Battaglia

(1959). The offspring were checked once every 2 days. They were used partly
for the experimental and partly for the control series. When the 4th copepodite

stage was reached, control pairs were set up by putting together one female cope-

podite and one male from different families, while the individuals which later

should provide the experimental pairs were kept isolated in order to prevent
them from mating, and thus to delay fertilization of the females.

Since the life cycle differs more or less from species to species, the control pairs
were set up at different times, namely 6 days after hatching for T. holothwriae,
7 days after hatching for T. dobzhanskii and T. clodicnsis from Venice, and 8 days
after hatching for T. clodicnsis from Ponza. Each dish was checked once every

day in order to detect mating and to discard pairs of the same sex. There is, in

fact, a possibility of putting together 2 female or 2 male copepodites, since sexes

may be distinguished only with difficulty at the 4th copepodite stage. When the

female became ovigerous, she was transferred to a freshly prepared dish to guaran-
tee the most favorable environment for the larvae. As soon as these hatched the

female was removed and the larvae were reared as described before.

When part of the control females had become ovigerous, males and females of

the experimental series, until then kept in isolation, were put together, one pair

per dish. The introduction of the male was delayed as long as possible depending
on the species. It was then observed if mating occurred and if the female pro-
duced an egg-sac and viable offspring. The ovigerous females were transferred to

a new dish, as described for the controls, and removed soon after the deposition of

an egg-sac. When the offspring had become adult, they were counted and sexed
;

the same procedure was adopted for the offspring of the controls.

The control series will be referred to as sample C, the experimental series as

sample E.

A statistical analysis and comparison of the mean sex-ratios of samples C and
E was carried out with the chi-square test. However, this was not considered

sufficient, because of the heterogeneity of the sex-ratio data. In order to exclude

heterogeneity from the calculations and to have a better statistical evaluation of

the differences between control and experimental series, only the families signif-

icantly shifted in favor of males were taken in consideration and compared with the

x
2

-test.

Significance of the sex-ratio of each family was calculated by individual chi-

square test. Because of the complex and still obscure mechanisms of sex-deter-
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ruination in Tisbc, the expected frequencies could not be based on an extrinsic

hypothesis. Thus, the null hypothesis has been extracted from the control series.

For T'. dobshanskii a ratio of 42% females was taken as null hypothesis, a value

which agrees well with previous observations (Volkmann-Rocco and Battaglia,

1971).
For T. clodiensis from Venice a sex-ratio of 47. 5 % females was used as ex-

pected value coinciding rather well with observations made by Lazzaretto-Colom-

bera and Polo (1969) and by Fava (Istituto di Biologia del Mare, CNR, Venezia

personal communication).
For T. clodiensis from Ponza the ratio used in the null hypothesis was 41%

females, and for T. holothuriae, 45%.
Families containing less that 20 individuals were discarded to exclude errors

due to difrerenial mortality, the number of these families was however low and is

reported later.

RESULTS

Tisbe dobzhanskii (from ^Incio)

In T. dobzhanskii from Anzio the average time between hatching of the nauplii
and egg-sac production was observed to be 10-11 days, thus confirming recent

findings by Volkmann-Rocco and Battaglia (1971 ).

Thirteen days after hatching, when the females of the controls had become

ovigerous and in part had already given offspring, the isolated males and females

were put together, one pair for each dish. Within the first 20 minutes many of

the 46 pairs were found copulating. In all cases the females extruded an egg-sac
on the following day, that is, 14 days after hatching. Males and females of the

experiment had been kept isolated for 6 days, thus mating was delayed for

about 5 days and egg-sac production for 34 days compared with the controls.

From 40 control pairs 3 females produced an egg-sac which did not develop ;

one family containing very few individuals was discarded. The sex-ratio of the

offspring of the remaining 36 pairs was calculated to be 41.12% 5$. The average
number of females and males per family were 19.9 and 28.5, respectively. These

values are, however, only suggestive. As we see from Table I there is a great

heterogeneity in the various families. In some families a strong shifting of the

sex-ratio in favor of males or females was observed
; namely, in about 27% of the

families it was significantly shifted in favor of males ;
in about 22%. in favor of

females (Table I).

From the 46 females kept in isolation for 13 days, 3 produced an egg- sac

which failed to hatch
;

one was discarded because of the low number of offspring.

From the remaining 42 families, 421 females and 1841 males were obtained, cor-

responding to a sex-ratio of 18.61% $$. Differential mortality may be excluded,

since the average number of offspring per female (53.8 individuals) did not

drop, but slightly increased. A comparison between this value and the sex-ratio

of the controls yielded a highly significant value of the chi-square with P < 0.001

(Table II). Although, as mentioned above, the progeny were not homogeneous,
a comparison could be easily carried out between samples C and E by comparing
the numbers of teligenous and arrhenogenous families. In sample E, 73.8% of
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the families had a sex-ratio which was statistically significant in favor of males

(Table I). A comparison with the 27.7% of arrhenogenous families of sample
C yielded x

2 =: 16.483 (P < 0.001).

T. clodiensis (from J'cnice)

For T. clodiensis from the Lagoon of Venice the time between hatching of the

nauplii and egg-sac production was found to be 1213 days coinciding with the

results obtained by Lazzaretto-Colombera and Polo (1969).

TABLIC I

Percentages of families with a sex-ratio (A) not significant by individual x
2

test,

(B) significantly shifted towards females, and (C) significantly shifted

towards males without (Control] and after artificially delayed

fertilization (Experiment)
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From 51 control pairs 3 females produced an egg-sac in which the eggs failed

to hatch and seven females were discarded because of the low number of offspring.
The sex-ratio of the progeny produced by 41 control females was calculated to

be 47.29% $$ (716 females and 798 males). Also in this case the data are hetero-

geneous (Table II).

From 71 pairs of sample E the progeny of 56 was considered for a statistical

evaluation of the data, since 10 families contained less than 20 individuals. Three
females produced an egg-sac, in which the eggs failed to hatch, and 2 females did

not extrude an egg- sac. The offspring of the 56 females showed a clear tendency
towards an increase of males, that is, 1096 females and 1709 males. As expected
in view of the consistent trend in favor of males, a comparison between the sex-

TABLE II

Comparison between the mean sex-ratios of the control (C) and experimental (E) series



DELAYEDFERTILIZATION IN TISBE 525

hatching. Thus, males and females of sample E had been kept isolated about 5

days longer than the controls. Although mating occurred about 4 days later,

egg-sac production was delayed for only two days, as it had been observed for

T. clodicnsis from Venice.

From 33 control pairs, 2 produced an egg-sac which did not develop, one female

extruded no egg-sac, and one gave very few offspring. The sex-ratio of the re-

maining 29 families was calculated to be 40.87% $J, that is, 589 females and 852

males (Table II).

From the 54 females of sample E the progeny of 49 could be utilized for

statistical analysis, since one female did not extrude egg-sacs, 2 gave a reduced

number of offspring and 2 others produced egg-sacs, the eggs of which failed to

hatch. From 49 families, 820 females and 1912 males were obtained, corresponding
to a sex-ratio of 30.01% $$. Differences between the number of males and females

of the control and experimental series yielded a highly significant chi-square

value (Table II).

In 46.9% of the families of sample E the sex-ratio was shifted in favor of

males, while in sample C only 20.6% showed an increase of males (Table I).

A comparison of the precentages gave x
2 - 5.379 and P < 0.02. The average

number of individuals per family was somewhat higher in sample E (6 indi-

viduals), but less than in the case of T. clodicnsis from Venice.

In order to detect what happens if fertilization is delayed still more, 18 virgin

females were kept 14 days in isolation. Immediately after introduction of the

males, copulation occurred. Two females did not produce an egg-sac, one female

extruded eggs which failed to hatch and one gave very few offspring. The prog-
enies of the remaining 14 families suggested a still greater tendency to produce
males than in the experiment described above, the sex-ratio being 27.18% 5$.

But there was a slight drop in the number of individuals per family. Since the

results are based on a relatively small sample a statistical evaluation of the data

was omitted.

T. holothuriae (from Ponza)

For T. holothuriae from Ponza the average time between hatching of the

nauplii and egg-sac production was found to be 9-10 days. When nearly all females

of the controls had become ovigerous, that is, 10 days after hatching, males and

females until then isolated were put together. A period of 10 days seems to be

the extreme limit to guarantee normal fertilization, since of the 58 isolated females

8 had produced a small egg-sac in absence of a male 10 days after hatching, thus

excluding the possibility that fertilization could still occur. After the males had

been introduced only 12 pairs were found mating within the first 20 minutes. This

may be due to the fact that mating time in T. holothuriae is short and thus, difficult

to be seen. Moreover, this species is sexually less active than T. clodiensis. From
the 50 females, 42 produced an egg-sac one day after introduction of the male, that

is, 11 days after hatching. Thus, in the case of T. holothuriae the time differences

between sample C and E for the moment of copulation and especially for the

period of egg-sac production were remarkably reduced, being 4 and 1-2 days,

respectively.
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From 32 control pairs one female produced an egg-sac which gave no offspring,
and two families were discarded. The sex-ratio of the 29 families was calculated

to be 45.14% females, based on a total number of 1493 individuals. The data

show, however, a strong heterogeneity. 37.9% of the progeny being shifted in

favor of females, 24.1% in favor of males, and 37.9% being statistically insig-

nificant (Table I ).

From the 50 females of sample E. two extruded no egg-sac, and 2 gave less

than 15 female offspring. The other 46 females produced 2770 individuals

yielding a sex-ratio of 37.43% 52- Comparing this value with the sex-ratio

of the control series a highly significant value of x'
2

(Table II ) was obtained.

In spite of the suggestive trend towards males in sample E, the comparison
between the percentage of arrhenogenous families of sample C and E, 43.4% 22
and 24.1% 52- respectively, does not result in a statistically significant x~ value,

since P < 0.10 for x
~ == 2.959.

Also in T. holothuriae an increase of 9 individuals per family was recorded in

sample E, entirelv due to an increase in the number of males.

DISCUSSION

Most of the present knowledge about the effects of a delayed fertilization is

based on very few studies carried out with amphibians (Hertwig. 1921 ; Kuschake-

witsch, 1923 ; Witschi, 1923), butterflies (Seiler, 1920).

Experiments with Rana cscnlcnta indicated that overripeness of eggs produces

complete reversal of females into males. From normal eggs 53% males were

obtained, from overripe eggs fertilized S9 hours later than the controls 100%.
males hatched (Kuschakewitsch, 1923). Witschi (1924) attributed this sex-

reversal to cytoplasmic alterations that affect the medulla more than the cortex in

the later part of the development.
Also in the case of the butterfly Talacporia overripeness of eggs produces a

majority of homozygous male zygotes, since it favors the permanence of the X-

chromosome in the egg. Low temperature (3-5 C) has the same effect (Seiler,

1920).
Shull and Ladoff ( 1916) who treated the rotifer H \datina with various sub-

stances (potassium sulfate, iron chloride, ammonium chloride, dilute bouillon)

suggested that the speed of metabolic reactions is responsible for the varying degrees
of male production. They assumed that male production is reduced, when the

physiological processes are retarded, which they think to be the case for most

agents which affect the life cycle.

Similar considerations were made by Takeda (1950) and Egami (1951) who
studied the effect of external agents on the copepod Tu/riopns japonicits. At the

end of a long series of experiments they concluded that all suppression of metabolic

activity tends to induce feminization. This would correspond to the situation de-

described for Hydatina. but certainly not to that in Tisbc and Talaeporia, since

the delay of fertilization or a low temperature may rather induce retardation of

developmental processes. As the above experiments evidenced, the genus Tisbc

at least the species taken in consideration shows a more or less pronounced

tendency towards masculinization in consequence of overmaturation of the eggs

depending on the duration of the delay.
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In fact, in T. dobzhanskii where the differences concerning the moment of

fertilization and egg-sac production between sample C and E were greater than

in the other species, the shifting towards males was statistically highly significant.

This is less evident in T. holothuriae, \Yhile in T. dobzhanskii the pairs of sample
E had been kept isolated until nearly each female of the control series had given

offspring, in T. holothuriae the males had to be put together with the isolated

females when only half of the control females had produced an egg-sac, since the

former began to extrude their eggs without being fertilized. A point which I should

like to mention briefly in this context is the choice of two different populations of

T. clodiensis for the experiment. Former experiments have shown that there is

nearly complete reproductive isolation between some geographical populations of

this species, and the fact that they differ in their life cycle parameters and poly-

morphism suggests that thev have evolved independently. The present data pro-
duce evidence that in addition to the different sex-ratio the population of Ponza

appears to be more affected by a delayed fertilization.

With too long a delay the females became unable to produce an egg-sac or

extruded only very few eggs which failed to hatch ( T. dobzhanskii and T. clodien-

sis), or a small egg-sac was extruded before mating occurred (7'. holothuriae}.
The shifting of the sex-ratio in consequence of overmaturation is accompanied in

Tisbe by another phenomenon, namely, increase of the number of offspring per fam-

ily, largely due to the greater number of males. Thus, the number of females per

family remained nearly equal in the control and the experimental series (7". clodien-

sis and T. holothuriae}. This could be due to a reduced mortality in sample E, as

stated for Kami cscitlcnta. where (>' , mortality was observed in the normal culture

and only 4 c
/( in the culture from overripe eggs ( Kuschakewitsch, 1923). It is

however, somewhat difficult and rather laborious to solve this question in Tisbe,

since the eggs of an egg-sac cannot be counted without destroying the egg-sac.

On the other baud, comparing the sex-ratio data, as far as it is possible, with

those obtained from other experiments, it can be proved easily that the number of

individuals per family in the control series was rather high or at least normal, so

that differential mortality may probably be excluded.

It seems, although there is no statistical proof, that more eggs are produced
when the fertilization is artificially delayed. Since the males and females of sample
C and E were carefully observed when they extruded their egg-sacs, it was noticed

that the egg-sacs of sample E were bigger. This would suggest that there is a

continuous production of eggs for a time in the absence of fertilization. The ovi-

ducts of the isolated females were, in fact, filled with eggs, more so than in the

case of normally fertilized females. The delay of fertilization at the beginning of

the reproductive cycle seems to affect also the production of the second egg-sac.
Eifteen females of T. holothuriae and 17 females of T. clodiensis from Venice

(sample E) were kept until they had produced a second egg-sac. The results,

which are too few to be statistically evaluated, indicated that shifting of sex-ratio

towards males remains approximately constant and that the number of individuals

per family increased to 27 individuals in T. Jiolothnriae and to 14 individuals in

T. clodiensis in comparison with the first egg-sac of sample E. It cannot be de-

cided, however, if the rather strong increase of individuals and the shifting of the

sex-ratio towards males is maintained during the whole reproductive cycle. In

order to resolve this question 4-8 egg-sacs per female should have been examined.
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The physiological process which is at the base of the phenomenon described

above cannot be explained by the present data. The findings suggest, however,
an adaptive nature for such a mechanism. According to the hypothesis of sex-

determination in Tisbe where the greater proportion of males is a function of

homozygosity, the high degree of females in nature would be a consequence of the

high level of heterozygosity permitted by a favorable environment (Battaglia,

1964). Battaglia continues (page 459) : "Even if the number of females should

greatly exceed that of males, the reproductive rate of the population would not be

affected, since in Tisbe, each male is able to fertilize several females." This inter-

pretation would not apply to species such as T. clodicnsis and T. dobzkanskli, since

a strong decrease of males in a population in nature or in the laboratory would

delay fertilization of most of the females to a relatively high degree ; first, because

T. clodiensis and T. dobzhanskii tend to mate for a relatively long time (some-
times 24 hours and longer), and, secondly, even though a male is able to fertilize

several females, not all males have two spermatophores and it takes some time to

produce a new spermatophore. Studies with T. reluctans and T. persimilis proved
that a new spermatophore is produced after about 2 days (it is probable that

there are differences between the various species). A strongly reduced male

population would thus induce a delay in fertilization and as a consequence an

increase of males in the following generation which should guarantee a normal

fertilization of the females, as long as the delay is not too long. At this point I

would like to return to a question mentioned before, i.e., the duration of the

influence of overmaturation. Even if subsequent egg-sacs (3rd, 4th, etc.} showed

an increase of females, their normal fertilization would lie assured because of the

abundance of males produced in the first two egg-sacs. These considerations so

far have to be restricted to T. dobzhanskii, T. clodiensis, and T. Iwlotlinriae.

Another important factor in this context is certainly provided by population

density. Where densities are low, the chance of females being normally fertilized

are reduced. According to Battaglia (1964) inbreeding following the low popula-
tion density would increase the proportion of males and thus, give a higher pro-

portion of fertilized females.

This may be the case for species like T. rcticulata and T. gracilis where in-

breeding increases the proportion of males, but not for T. clodiensis where inbreed-

ing has no effect on masculinization (Fava, personal communication). In this

species the mechanisms of "overmaturation of eggs" may operate as a consequence
of a reduced population density. It would be helpful to know if T. dobzhanskii

is affected by inbreeding and on the other hand, if T. rcticulata and T. gracilis are

influenced by a delayed fertilization, in order to understand to what degree sex in

Tisbe may be genetically and environmentally determined.

The author is grateful to Professor Bruno Battaglia for valuable suggestions

during the preparation of this manuscript.

SUMMARY

Delay in fertilization of the females of Tisbe dobzhanskii from Anzio, T. holo-

thuriac from Ponza, and T. clodicnsis from Venice and Ponza was found to affect

the sex-ratio of these populations.
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The degree of the influence depended largely upon the lateness of fertilization

and, thus, upon the biology of the species.

Especially in T. dobzliunskii shifting of the sex-ratio in favor of males was

highly significant. In the other populations it was less evident, but still significant.

If the delay of fertilization was too great, the females were no longer able to pro-
duce viable offspring.

In addition to the shifting of the sex-ratio towards males an increase of off-

spring per family was observed.

The possible adaptive nature of the phenomenon is discussed.
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